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M. Scott Halbreiner, MD, Michael Z. Tong, MD, MBA, and Nader Moazami, MDLVAD therapy has provided an adjunct to pharmacotherapy in the management of heart
failure. Despite great success, these particular devices carry their own risks including pump
thrombosis, hemolysis, infection or device malfunction. At times, it is necessary to
exchange these devices and to approach this surgically requires careful preoperative
assessment and a diligent surgical approach. We describe our approach to exchanging the
HeartMate II LVAD device through a left subcostal incision.
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Advanced heart failure is a growing problem currentlyaffecting 6 million people in the United States with a 5-
year mortality rate exceeding 50%.1 For patients with end-
stage failure, heart transplant was previously the only
solution, but a shortage of organs remains. Ventricular assist
devices, particularly the HeartMate II, have been developed
both as a bridge to transplant and for destination therapy
and have signiﬁcantly improved the quality of life and life
expectancy of these patients.
Despite signiﬁcant innovations and improvements in pump
design and durability as compared with the previous
generation of left ventricular assist devices (LVAD), mechan-
ical pump failure due to driveline fractures, pump thrombo-
sis, and device-related infections still occurs with the
HeartMate II. Over the last few years, the incidence of pump
thrombosis seems to have increased.2,3 When these devices
fail or get infected, ideally, patients can be weaned off support
and have a device explantation, but this is only possible in
minority of patients (6.9% at our institution). Heart trans-
plantation is another possibility, but an appropriate organ is
not always available in time or even possible in patients with
destination therapy (DT). Most commonly, the devices need
to be replaced. In instances of pump pocket infection or
thrombosis extending into the outﬂow graft, complete
removal of the pump and all associated graft material is
indicated. This procedure necessitates a complete sternotomy
on cardiopulmonary bypass. However, in certain clinical
conditions, a less invasive approach to device removal ormatter r 2014 Elsevier Inc. All rights reserved.
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-1, 9500 Euclid Ave, Cleveland, OH 44195. E-mail:exchange is preferable. We present our approach to subcostal
device exchange in appropriately selected patients (Figs. 2–9).Preoperative Planning
Patient anatomy and pump orientation, appropriate clinical
indication for exchange and a detailed assessment of the
patient’s cardiac reserve dictate the surgical approach and the
need for cardiopulmonary bypass. There are 2 approaches
that can be performed, a complete sternotomy or a left
subcostal incision. With proper patient selection, either
approach is safe. Although a complete sternotomy on
cardiopulmonary bypass provides the best exposure, the
dissection planes are frequently obliterated and surgery
typically involves much more dissection with more potential
for bleeding and subsequent complications. In a recent small
series, a subcostal approach has been shown to limit operative
time, transfusion requirements, and intensive care unit stay4
and is our preferred approach when technically possible and
when the exchange is limited to the body of the pump only.
This approach is possible if the indication for pump exchange
is driveline fracture or pump thrombosis that is conﬁned to
the body of the pump, particularly at the inlet or outlet
bearings that are the most common location for thrombus.
A preoperative computed tomography scan preferably
with 3-dimensional reconstruction is critical for the planning
of this procedure to determine if a subcostal incision is
possible (Fig. 1). The surgeon must ensure that there is no
inﬂow obstruction or outﬂow graft kink as a possible
explanation for pump thrombosis and that the inﬂow and
outﬂow grafts themselves are free of clot, all of which would
require a sternotomy approach to replacement. From these
images, the position of the pump body, the inﬂow screw,443
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Figure 1 The location of the pump and surrounding anatomy is important to determine if a subcostal approach is possible. Using CT imaging
with 3D reconstruction, the pump’s orientation in relation to the costal margin and midline sternum can be appreciated. In this image, the
pump’s inﬂow screw is easily accessible as it is at the level of the costal margin. Generally, as long as the inﬂow screw is not more than 3 cm
above the costal margin, it should be easily accessible to obtain circumferential control. Likewise approximately 3 cm of the outﬂow graft
needs to be accessible below the body of the sternum. The xyphoid is not taken in consideration as it can be removed. 3D ¼ 3-dimensional;
CT ¼ computed tomography. (Color version of ﬁgure is available online at www.optechtcs.com.)
Operative Technique
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Figure 2 Positioning of the patient for either approach is standard supine with arms at the side. After administration of anesthesia, a
transesophageal echo probe is placed and the operative ﬁeld is prepped from the submandibular region down to the knees. The marking in
the image shows where the subcostal incision is made. It is important to ensure the subcostal incision is below the costal margin and extends
to the midline. Every effort should be made not to cross the previous midline incision if possible as this may create a devascularized area
prone to dehiscence and infection. The incision is made along the left subcostal margin and continued vertically several centimeters to allow
better access to the outﬂow graft. It is often helpful to remove the xyphoid process for better exposure. If cardiopulmonary bypass is need, the
option of cannulation via the femoral vessels can be done prior to pump dissection.
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Figure 3 Dissection is carried out through the subcutaneous tissues. Once through the subcutaneous tissues, dissection is continued through
the abdominal muscles over the body of the pump which should be palpable through the skin. The pump is usually capsulated by a thick rind
of scar tissue and once the pocket is entered, it can by further opened along the entire length of the pump, inﬂow screw, driveline, outﬂow
screw, and outﬂow graft. It is important to expose the device from as far lateral as the entire inﬂow screw to all the way beyond the outﬂow
cannula. A self-retaining retractor (Skyhook, Pemco Inc) is used to enhance exposure by elevating the costal margin. It is important to
appreciate the thin peritoneal lining posterior to the pump body, which should not be entered, but at times this is unavoidable. If there is
entry into the abdominal cavity, it may be necessary to close the peritoneum with a sheet of bovine pericardium to prevent the pump from
adhering to abdominal content, which would make explant at the time of transplantation more of a risk. The pump is progressively freed from
the scar capsule until a hand can be placed easily around the pump to get circumferential control of the inﬂow screw. On the outﬂow side, the
collar is removed and the bend relief of the outﬂow graft is then pushed upward to expose at least 3 cm of the graft. As the connector on the
bend relief is sharp, care must be taken to avoid tearing the outﬂow graft. At this point, 5000 units of unfractionated heparin are administered,
the pump is turned off, and a clamp is placed as distal as possible on the outﬂow graft.
M.S. Halbreiner et al.446
Figure 4 The next step is disconnecting the inﬂow from the pump body. The patient should be positioned in Trendelenburg to avoid
introducing air. The screw at the inﬂow elbow is slowly disconnected and a ﬁnger is placed securely over the inﬂow opening for control of
bleeding. An Allan wrench from Thoratec can be used to facilitate unscrewing of the pump. Again, it is important that before this step that the
entirety of the pump body and inﬂow screw is circumferentially freed of adhesions to have complete control.
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Figure 5 The next step is to disconnect the outﬂow graft. With a ﬁnger still covering the inﬂow hole, an assistant begins to unscrew the pump’s
outﬂow screw to separate the outﬂow graft from the body of the pump. The pump should now be completely free except for its driveline
attachment.
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Figure 6 The driveline can then be divided with the help of an assistant. The pump is removed from the ﬁeld. The remainder of the tunneled
driveline can be removed at the end of the case to maintain sterility and minimize contamination of the ﬁeld. The driveline can also be divided
before disconnecting the pump if preferred.
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Figure 7 The new pump is connected. It is important to note that the new pump is typically brought into the ﬁeld before the old pump is
stopped. The driveline of the new pump is tunneled in a new location from the prior driveline. The pump should have been thoroughly
deaired on the back table by ﬁlling it with saline and leaving the plastic cover on the outﬂow end of the device. This way the time off LVAD
support is minimized. The device is the quickly attached to the inﬂow screw as it is tightened onto the body of the pump. Every effort should
be made to minimize any entrainment of air. If the patient is on cardiopulmonary bypass, the heart can be ﬁlled to help with the deairing.
Alternatively, the trapped air in the pump can be aspirated through the outﬂow cap. Monitoring for air can be done with transesophageal
echocardiography by visualizing the aorta and the left ventricle.
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Figure 8 The outﬂow graft then needs to be connected. The outﬂow portion of the device should be higher than the rest of the pump to
minimize air entrainment. The cap covering the outﬂow of the pump can then be removed and the outﬂow graft screwed onto the body of the
pump while an assistant is injecting saline into the pump to minimize air. As the outﬂow graft is screwed on, it is critical that the orientation of
the graft is maintained and that there is not twisting of the graft. The outﬂow graft is then secured with the collar. Of note, if the patient is on
cardiopulmonary bypass, a deairing vent may be attached to the plastic cap and the pump device may be turned on at low speed to improve
deairing before connecting to the outﬂow graft while the heart is slowly ﬁlled.
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Figure 9 Once outﬂow is secure, a deairing needle or vent is in place along the graft below the clamp. Once adequately deaired the pump
device may be started at a low speed to continue the deairing process through the vent. The clamp is then removed and ﬂows are increased.
Once the heart and the pump is fully deaired, the vent is then removed. The bend relief is reconnected to the base of the pump to cover the
graft. A Blake drain is placed in the pump pocket. The peritoneum, if entered and not closed prior, should be closed at this point. The fascia is
then closed to secure the device in the pocket. If there is any tension from the fascia, bovine pericardium can be used to facilitate tension-free
closure. Muscle and subcutaneous tissues are reapproximated and incision is closed.
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Subcostal approach to replacement of a HeartMate II device 453and outﬂow screw relative to the costal margin can be
determined to assess if the critical portions of the pump can
be accessed via a subcostal approach. The majority of the
HeartMate II body needs to be positioned below the
subcostal margin and the inﬂow screw cannot be more than
a few centimeters above the costal margin. Furthermore, the
outﬂow graft also needs to be accessible, and generally 3 cm
of the outﬂow graft needs to be accessible to safely clamp
and allow placement of a deairing vent or needle (if not
using cardiopulmonary bypass).
Although the need for cardiopulmonary bypass is helpful
and generally needed through a sternotomy approach to free
up the apex, its need through a subcostal approach depends
on the patient’s residual cardiac reserve. If the patient has
enough contractile reserve or can be supported with
inotropes for the brief period of time that the pump is
turned off during the exchange, we prefer to avoid using
cardiopulmonary bypass. Going on bypass through femoral
cannulation can be easily done. If the patient has extensive
descending atheromatous disease, axillary cannulation for
arterial return can also be considered. As there is always
some uncertainty regarding the patient’s ability to tolerate
coming off LVAD support for a period of time, exposing the
femoral vessels is advisable.Conclusion
Despite signiﬁcant improvements in patient outcomes from
the HMII compared with previous generations of LVAD
pumps, pump failure and infection remain a long-term
complication of the technology. With the increase in theobserved rates of pump thrombosis, pump exchanges are
becoming more common particularly in patients with DT.
Steps can be taken at the time of the initial implantation to
facilitate possible future need for pump exchange: a deeper
pump pocket can be made to ensure the pump sits lower in
the abdomen medial and below the costal margin as long as it
does not compromise appropriate inﬂow cannula position-
ing. In addition, we also anchor both the inﬂow and outﬂow
elbows to the patient’s abdominal fascia to prevent cephalad
and lateral migration over time. The subcostal surgical
approach provides a much less traumatic and easier approach
to pump exchange. This approach can also be used if device
removal for recovery is the goal while leaving behind the inlet
cannula in the left ventricular apex and stapling or closing off
the outﬂow graft at the level of the lower sternum.References
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